The presence of a seasonally variable biogenic habitat (eelgrass, Zostera marina) increased the spring-summer variability of associated nekton relative to unvegetated bare tidal flat. This spatio-temporal pattern emerged because most eelgrassassociated taxa tracked the decline in eelgrass biomass from summer to spring, but in one case reached greater density in spring when predation intensity was low. Among 21 taxa (26,884 individuals) captured, a strong correlation arose between structure association and summer dominance, and certain functional traits, in particular morphology and on-vs. off-bottom position, were strong predictors of eelgrass association. Structure-associated taxa were slender-bodied and pelagic schooling fishes, while habitat generalists or bare-associated taxa were more consistent seasonally, primarily benthic, and cryptically colored with sand. Estuarine use (transient, reproducing, or estuarine resident) was not a strong predictor of structure association or seasonality. Because an identical sampling design was used in five regions of Washington State, USA, coarse-scale (> 100 km) differentiation in nekton assemblages was identified, representing less of the total variation than across seasons but more than across different habitats. While regional nekton differences were attributable in part to geographic distance and eelgrass morphotypes, the most seasonally variable nekton were at sites with morphotypes adding the least vertical structure but highest density. These results support two mechanisms that increase seasonal variability of taxa using structured habitats, including both bottom-up provision of habitat and resources, and subsequent possibilities for negative interspecific interactions and top-down control.
Introduction
The trophic structure of coastal grass-bed communities changes seasonally (Livingston 1984) , in some cases both more dramatically and more consistently than in other shallow-water habitats (Cote et al. 2013 ). When populations show seasonal variation in abundance, this may be attributed to the timing of reproductive events or movement among habitats (Ribeiro et al. 2012 ). However, habitat structure, resources, and predation risk can also change seasonally (Hines et al. 1990; Hovel et al. 2002) , providing explanations for seasonal population change that depend on species interactions, rather than autecological phenology. Attributing mechanisms for seasonal changes in community structure, especially for higher trophic level species, is accordingly challenging.
Seasonal use of estuaries provides a functional trait for categorizing nekton (Potter et al. 2015) , but use of eelgrass as habitat may depend on other traits such as long, narrow body plans or vertical distribution above the sediment (Hori et al. 2009 , Gross et al. 2017 , 2018 . Additionally, whether organisms receive protection or more intense predation pressure in seagrass can be influenced by body size, trophic position, and feeding mode (Horinouchi 2007) . Seasonal patterns in seagrasses are well established (Unsworth et al. 2012; Clausen et al. 2014 ), but-perhaps due to multiple pathways by which nekton respond to structure and/or seasonality-seasonal use of seagrass habitat by nekton has had more variable outcomes. In some cases, nekton biomass sampled in seagrass tracks the seasonality of this biogenic habitat (Adams 1976; Livingston 1984; Able et al. 2002; Tuya et al. 2006; Mateo-Ramirez and Garcia-Raso 2012) . However, other cases appear more nuanced. In seagrass within tidal creeks of the Rio Formosa Lagoon, Portugal, total abundance of fishes did not change seasonally because some groups were more abundant in autumn and winter, and others in spring and summer (Ribeiro et al. 2012) . Similarly, in a seagrass bed in China, many mobile taxa were trapped in greater numbers when seagrass size and density increased, but not all (Xu et al. 2016) . On the US Gulf Coast, nekton abundances were consistent from summer to fall in continuous seagrass, but decreased from summer to fall in small patches as shrimp were particularly dense in summer in this landscape type (Hensgen et al. 2014) .
In addition to seasonality, nekton assemblages vary spatially among different habitat types in close proximity, as well as among similar habitats at geographic distances. Whitfield (2017) suggests that ca. 100 km is typically far enough apart that fish assemblages in the same seagrass differ. At smaller scales, bare areas > 100 m from structure can have fewer fish than those within 10 m of structure (Ferrell and Bell 1991) , and large seagrass areas may have lower density fish than small seagrass areas because the latter have extensive edges suitable for schooling species (Horinouchi 2007) . Fish assemblages frequently differ by seagrass species (Rotherham and West 2002, Hyndes et al. 2003) , and are usually different in comparisons of vegetated and unvegetated habitat (Whitfield 2017) . Body size and coloration represent critical functional traits as size determines whether seagrass provides space for hiding or an obstruction (Hyndes et al. 2003) , and color can provide crypsis with sand, mud, or vegetation. Benthic species may prefer less structural complexity than pelagic species (Hori et al. 2009 ).
Given spatial and temporal differences in nekton, these two axes may also interact. For instance, summer to fall change in nekton assemblages was more pronounced in seagrass than in unvegetated habitats in eastern Canada (Cote et al. 2013) . At an intertidal site in the Wadden Sea, juveniles of seagrass-associated fish generally increased from June to September with eelgrass biomass, whereas those using bare habitat had more consistent monthly catches (Polte and Asmus 2006) . In Japan where both annual and perennial life histories of eelgrass occur, positive correlation of fish abundance and eelgrass was apparent for annual eelgrass, which was primarily present from April to June, whereas fish in the guild of permanent residents were present year-round in perennial eelgrass (Sato et al. 2016 ). While we summarize these published studies in terms of habitat-specific seasonality, another logical framing is that habitat structure matters more for nekton assemblages during seasonally high biomass of seagrass-that is, season-specific habitat effects. Seasonality in the degree of habitat provision by seagrass has also been reported for infaunal assemblages (Włodarska-Kowalczuk et al. 2014) .
The variation in assemblages of nekton expressed in space and time may be reciprocally related to trophic interactions. Fish may accumulate in seagrass due to protection from predators (Heck and Orth 1980) , and seasonal increases of fish or crab populations can cause top-down effects on prey (Livingston 1984 , Hines et al. 1990 ). Seasonal migrations into seagrass habitat may depress populations of resident species due to predation on small life stages or resource competition (Kneib and Knowlton 1993) . Yet predation in seagrass shows a wide range of responses to increased shoot density, likely reflecting the range of adaptations of prey for avoiding predators and of predators for attacking prey (Horinouchi 2007) . Many feeding functional groups are represented among mobile taxa captured by a common net size (Elliott et al. 2007 ). Piscivores and large zoobenthivores that include crabs and shrimp in their diet may actually reduce densities of other nekton through intraguild predation, whereas other zoobenthivores may indirectly enhance epiphyte loads by removing mesograzers from seagrass leaves (Duffy et al. 2005) .
Our hypotheses regarding nekton assemblages across five regions of Washington State are:
1. Habitat will determine the amount of seasonal variability in nekton. Interactions of season and habitat effects could emerge for two reasons, which are distinct but not mutually exclusive: seasonality is expected to be more pronounced in seagrass than bare habitat, and habitat distinctions are expected to be reduced for nekton in spring, when seagrass is sparse, relative to the peak summer growth season for seagrass. 2. Sites in different regions will have distinct nekton assemblages, but more so as the distance between sites or seagrass ecotypes increases. This hypothesis could extend not just to the composition of nekton, but also to its seasonal or habitat variation. 3. Taxa that respond primarily to habitat or resource availability are expected to increase in abundance in seagrass from spring to summer. However, we anticipate decreases during this seasonal change for taxa most susceptible to intraguild predation. To distinguish among potential mechanisms underlying habitat-specific seasonality, we categorized nekton taxa by several functional traits and tested for habitat-specific seasonality in predation intensity.
These hypotheses suggest linked structural and functional changes in nekton assemblages, in which seasonal responses in some species modify those of others via species interactions, but overall most intense trophic interactions occur during summer.
Methods

Study sites
Surveys of nekton and predation intensity were carried out at five sites located in distinct oceanographic regions of Washington State, USA. Sites were selected to include a mosaic of low-intertidal soft-sediment habitats consisting of native eelgrass (Zostera marina) interspersed with unvegetated tidal flat. Sites were located in North Puget Sound (NPS), South Puget Sound (SPS), North Hood Canal (NHC), South Hood Canal (SHC), and the coastal estuary (CE) of Willapa Bay (Fig. 1a) . These five regions have bathymetric and oceanographic features that make their water properties distinctive in terms of residence time, temperature, and chemistry (Babson et al. 2006; Banas et al. 2007 Banas et al. , 2015 . The sites range in geographic distance from 76 to 547 km by water (Supplemental Material Table S1 ). Summer-season nekton communities were documented in 2015 at three of these sites, showing large regional differences that exceeded differences between vegetated and unvegetated habitats (Gross et al. 2017 ). Eelgrass at the five sites spanned a range of morphotypes (i.e., nearly order-of-magnitude difference in canopy height), but due to inverse relationships between shoot size and shoot density (Fig. 1b) , leaf area index and above-ground biomass were similar (Gross et al. 2017) . In Washington State, spring-season eelgrass biomass is typically depressed by half relative to summer (Thom 1990; Ruesink et al. 2010; Ruesink and Rowell 2012; Valdez et al. 2017) .
Sampling design
At each site, sampling was carried out during daylight in summer 2016 (July-August) and spring 2017 (March-May), with each site being sampled over 2-5 days during spring tide periods when water levels fell low enough to use a custom beach seine. dropped to between 0.2 and 0.8 m in depth; however, based on earlier work with underwater video, nekton assemblages remain similar through the tidal cycle (Gross et al. 2018 ).
The seine was 1 m tall with 3-mm mesh. Its wings of 6 m length were pulled out by two people into a circle of ca. 11 m 2 area. Subsequently, the wings were pressed together, chasing the captured organisms into the cod end. The cod end was held in water as individual organisms were counted, identified, and immediately released.
For summer 2016 sampling, we found areas near mean lower low water in which eelgrass was patchy, thereby interspersed with bare. Selected eelgrass patches were ca. 10,000 m 2 , except for two smaller patches at SPS (85 and 909 m 2 ) and one at CE (1255 m 2 ); also, a larger meadow was sampled at three of the sites. Four subsites were chosen at each of the five sites, and at each subsite, two seines were conducted within eelgrass, two on unstructured (bare) tidal flat, and two that encircled the border of these two habitats, such that half the area of the seine contained eelgrass. These habitat types consequently provide a gradient of structural complexity (Fig. 1b) , with edge as an intermediate, rather than exceptional, habitat (Gross et al. 2018) . Interior eelgrass and bare habitats were typically sampled at 3 m from the edge and not more than 50 m from the edge. Sampling in the summer was repeated with identical methods the following spring. Given five sites, four subsites per site, three habitats (patches) per subsite, seined twice in summer and twice in spring, a total of 240 seines was conducted.
Predation intensity
Predation intensity was determined by loss of baits (1 cm 2 dried squid mantle) over 24 h (Duffy et al. 2015) . These baits were attached to thin 10-cm-long monofilament line, tethered to a bamboo stake. Knots at both ends of the line were reinforced with a drop of cyanoacrylate glue. Twenty baited stakes were inserted 1 m apart in each of the three habitats for a 24-h period. Those placed at the edge habitat type followed the line where eelgrass was present on one side and absent on the other. Baits just touched the sediment, making them accessible to both benthic and pelagic predators. Baits were only scored as a predation event if the entire bait (but not the tether) was missing after 24 h. Deployment occurred during the same low-tide period as, and in close proximity to where, seines were carried out. Baits were placed in each of the 60 habitat patches in summer 2016, but in a subset of 23 in spring 2017 due to shorter periods of access to the sites at low tide.
Data analysis
We used non-metric multidimensional scaling (NMDS) to visualize differences in nekton assemblages and permutational analysis of variance (PERMANOVA) for statistical analysis. Rare taxa were removed from the analysis (see Results), and remaining counts of 21 taxa were log(x + 1)-transformed to downweight the most common taxa. Both NMDS and PERMANOVA were based on Bray-Curtis similarities. Fixed factors in this analysis were season (two levels), site (five levels), habitat (three levels), and all two-and three-way interactions. Subsite was entered as the strata argument of the adonis function (vegan package in R; Oksanen et al. 2015 Oksanen et al. , R core team 2015 , which accounts for the nested design of sampling all habitats at each subsite. 9999 randomizations were carried out and significance assessed at α = 0.05. Given that hypothesis (1) predicted a season × habitat interaction, we followed up with PERMANOVA applied to each habitat separately, to determine how much seasonal difference occurred in each habitat. A complementary analysis testing how much habitat variation occurred in each season is presented in supplemental material (Table S2 ).
In accordance with hypothesis (2), we expected that site-level differences could be due to geographic proximity or eelgrass morphotype. We tested for spatial correlation in our multivariate nekton data through application of a Mantel correlogram. This used the dissimilarity matrix for nekton summed across all seines per site (Bray-Curtis on log(x + 1)-transformed counts) and a dissimilarity matrix of distances (by water) among sites. Note that we were able to sum counts across seines to examine site-level differences because the sampling effort was identical at each site. We separated summer and spring data in case geographic proximity mattered differentially across seasons. The test for spatial correlation employed the mantel.correlog function in package vegan (Oksanen et al. 2015) . To test for eelgrass morphology, each of the 20 subsites in the study was described by the canopy height of interior eelgrass. We replaced the site factor in three-factor PERMANOVA with the continuous variable of canopy height, using site instead as the object of the strata command, as a random effect.
Hypothesis (3) proposed that species-specific patterns of spatio-temporal variation could be due to bottom-up or top-down control and could cluster according to functional traits. Accordingly, we calculated metrics of seasonality, habitat and edge association for each taxon captured in seines. The design of our study presented up to 60 paired summer-spring samples and 40 paired samples of different habitats per subsite. For each of these paired samples in which a taxon was present at least once, we calculated metrics of seasonality and habitat association that essentially represented the log-ratio of counts under two conditions and could then be summarized by mean and standard error. For x su and x sp as the count of a taxon in the two seines per patch in summer and spring, seasonality was calculated as ln((x su + 1)/(x sp + 1)), giving values > 0 for taxa occurring at higher abundance in summer. For x ie and x b as the count of a taxon in the two seines per patch in interior eelgrass and bare, respectively, at a subsite, habitat association was calculated as ln((x ie + 1)/(x b + 1)), giving values > 0 when disproportionately in eelgrass. Finally, an index of edge association followed the logic that seines at the edge were half-bare and half-eelgrass, so should have an intermediate count of each taxon. For x e as the count in two seines at the edge at a subsite, edge association was calculated as ln((x e + 1)/ ((x ie + x b )/2 + 1)). We grouped the 21 major nekton taxa into three categories of estuarine use (Table 1) : resident taxa; those found in estuaries specifically during the reproductive or settlement phase of their life cycle; and transient taxa straggling or moving into estuaries for purposes other than reproduction. Anadromous salmon were included in this last category. These taxa were also grouped by vertical distribution in the water column (benthic on-bottom vs. pelagic or epifaunal off-bottom; Table 1 ). Then we tested whether seasonality, habitat, or edge association differed by traits of estuarine use or vertical distribution based on linear models, weighted by the sample size per taxon, since some taxa were found in more patches than others. We also tested for correlations between habitat association and seasonality across taxa (Pearson's r).
To analyze predation intensity, as the fraction of baits lost over 24 h, we structured a three-factor analysis in the same manner as for nekton community analyses, with baits removed (relative to those still present) as the response variable, fixed effects of season, site, habitat, and their two-and three-way interactions, and a random effect of subsite. We ran this analysis with all available data and a second time including only those seven subsites (21 patches) that were fully sampled in both seasons. These three-factor mixed effects models, assuming binomial error structure, used the glmer function in the lme4 package in R (Bates et al. 2015) . We selected the best model based on a comparison of Akaike's Information Criterion (small sample size-adjusted, AICc), which penalizes model complexity (Burnham and Anderson 2002) .
Results
Hypothesis (1): community variation by season and habitat
In total, 27,016 individual organisms were captured in seines during summer 2016 (16,679, 62%) and spring 2017 (10,337, 38%). For multivariate analysis, we excluded rare taxa found at low total numbers (< 20), unless they were frequent enough to occur in ten or more seines. This removed 18 taxa and some additional poorly identified individuals, i.e., "hermit crab" or "sculpin larva". Twenty-one taxa (26,884 individuals) remained in the analysis (Table 1) . At the whole-assemblage level, most variation was a function of season and site, but assemblages also differed among habitats (Table 2, Fig. 2 ). All two-way interactions were significant. For each habitat separately, seasonal differences increased with habitat complexity; that is, the main effect of season explained more nekton variation in interior eelgrass (r 2 = 0.38) than edge (r 2 = 0.30) or bare (r 2 = 0.16; Table 2 ). On the other hand, these habitats showed similar nekton variation at the spatial scale of sites (r 2 = 0.19-0.24). The complementary analysis to understand this season × habitat interaction was a two-factor PER-MANOVA separately for summer and spring data: the habitat factor had a larger r 2 value for summer (0.11) than spring (0.04, Supplemental Material Table S2 ). On a site-specific basis, nekton also demonstrated greatest habitat differences in summer, when 13 of 15 pairwise habitat comparisons showed statistical differences, as compared to 4 of 15 in spring (Supplemental Material Table S3 ). Based on r 2 values, bare and eelgrass (interior) assemblages were more distinct from each other than either endpoint in comparison to edge, showing edge assemblages to be intermediate (Supplemental Material  Table S3 ).
Hypothesis (2): spatial variation in nekton in accordance with proximity or eelgrass morphotype
Hypothesis (2) invoked geographic proximity or eelgrass morphotype as factors that could generate site effects and interactions with site, as in results just reported for three-way PERMANOVA. Geographic proximity and morphotype dissimilarity were variables suited to different types of analyses, but were not redundant predictors (Pearson's r = 0.06, N = 10). In terms of geographic proximity, significant spatial correlation in nekton assemblages occurred only in summer and at 123 km but not greater (Mantel correlation = 0.56, P = 0.006); no correlation was evident at this scale for spring data (Mantel correlation = − 0.24, P = 0.28). When subsitespecific canopy height was included as a predictor in place of site in PERMANOVA, nekton assemblages differed significantly with canopy height and its interaction with season (Table 2 ). This interaction is consistent with the amount of seasonal variation at each site, which constituted more of the total nekton variation at sites with shorter eelgrass canopy. In order of small to large eelgrass morphotype, r 2 values for season were 0.48, 0.41, 0.34, 0.46, and 0.34 (Supplemental Material Table S4 ).
Hypothesis (3): seasonality and habitat association by taxon
Most of the 21 nekton taxa were more abundant in seines in summer than spring, while only two showed the reverse Table 1 Nekton taxa collected in low intertidal seines at five sites in Washington State, USA, listed from highest to lowest total count, and including seasonal counts in each habitat Benthic Lee et al. (2015) 133 individuals in 18 taxa (and a few poorly identified additional taxa) were captured but not included in this table or in multivariate analyses. Average body size is based on up to ten individuals per taxon measured for total length (carapace width for crabs) per seine. Estuarine use functional groups follow Potter et al. (2015) seasonal abundance (Fig. 3a) . These were juvenile salmonids, which were expected to be outmigrating in spring, and grass shrimp (Hippolytidae), which were the smallest taxon caught in seines (Table 1) . Seasonality was indistinguishable across the three general categories of estuarine use (Resident, Reproductive, Transient, F 2,18 = 0.36, P = 0.7) and also did not differ with on-bottom (benthic) or off-bottom vertical distribution (F 1,19 = 0.01, P = 0.9). Nekton taxa were about evenly divided among those showing eelgrass association and no habitat distinction, with just two (English sole, surf smelt) being significantly bare associated (Fig. 3a) . As with seasonality, habitat association did not differ with estuarine use (F 2,18 = 0.98, P = 0.4), but, in contrast, benthic taxa showed lower eelgrass association than those with off-bottom vertical distribution (F 1,19 = 9.3, P = 0.006). Surf smelt and juvenile salmonids appear to violate the eelgrass association of off-bottom taxa (positioned on the left-hand side of Fig. 3 ) but had small weights in the analysis (Supplemental Material  Table S5 ), as well as cautioning whether morphology and vertical position serve as habitat predictors for transient taxa in estuaries. Across taxa, those with stronger eelgrass association were more likely to have higher summer than spring densities (Pearson's r = 0.53, N = 21, P = 0.01). Hippolytid shrimp departed strongly from this correlation, as seen by their placement in the lower right-hand quadrant of Fig. 3a . Positive edge association was not detected in any taxon (Fig. 3b) , while several taxa were calculated to avoid edge, with significantly more avoidance by offbottom than benthic taxa (F 1,19 = 6.4, P = 0.02), and no difference by estuarine use (F 2,18 = 0.15, P = 0.9). However, no overall negative correlation existed between edge and eelgrass association (Pearson's r = − 0.38, N = 21, P = 0.09). For no taxa were edges the least-used habitat; even those with edge avoidance still used edges as much as bare (Table 1) . Table 2 Results of PERMANOVA, as pseudo F values, a code for P values (*P < 0.05, **P < 0.01, ***P < 0.001), and contribution of the factor to total variation (r 2 ), evaluating nekton assemblages across two seasons (Summer 2016 , Spring 2017 , five sites, and three habitats (bare, edge, interior eelgrass)
Taxa (restricted to those in Table 1 
Hypothesis (3): predation intensity
Fewer baits were removed in a day during spring (32%, 142/441) than summer season (70%, 810/1156). The magnitude of this seasonal difference, but not the direction, differed across sites (site × season interaction, Supplemental Material Table S6 , Fig. 4) . Overall, bait removal was similar in bare (60%, 308/516), edge (58%, 305/522), and eelgrass habitat (63%, 330/520). The top model for all bait-removal data included season, site, and their two-way interaction but no habitat difference (df = 10, AICc = 450.9), whereas for the subsites sampled in both spring and summer, this model (df = 7, AICc = 230.2) was essentially equivalent to one also including a habitat × site interaction (df = 13, AICc = 229.7; Supplemental Material Table S6 ). However, mean values for bait removal at each site never differed by more than 14% in the three habitats.
Discussion
Scales of spatio-temporal variability in nekton
Structural complexity from biogenic species such as seagrass often increases the diversity and abundance of associated mobile taxa (Heck et al. 1989; Hughes et al. 2002; Ferraro and Cole 2010) . Incorporating seagrass density, canopy height, patch size, or distance to edge in study design has revealed scales of spatial variation (Bell and Westoby 1986a; Boström et al. 2006 ). What we address here is whether this modification changes seasonally, and if so, can we infer why? We expected a spatio-temporal (season × habitat) dynamic for nekton simply because the habitats themselves become more distinct as eelgrass increases its canopy height and above-ground biomass in late summer in Washington State (Thom 1990; Ruesink et al. 2010; Ruesink and Rowell 2012; Valdez et al. 2017) . Consequently, summer seagrass provides the greatest contrast with nearby unvegetated areas, which may cause seasonal changes of nekton in seagrass to be more consistent than in unvegetated habitats (Cote et al. 2013) . When seagrass biomass is seasonally lower, distinctions between nekton using seagrass and bare habitats tend to be muted (Able et al. 2002; Xu et al. 2016) . Our results supported a general pattern of higher seasonal variability for nekton in eelgrass than bare habitat (Fig. 2, Table 2 ). Additionally, nekton assemblages were more distinct across habitats in summer than in spring. Edges may constitute an intermediate habitat type in cases where edge effects are weak (Vonk et al. 2010) , but an exceptional habitat if organisms are attracted to edges or interact strongly there (Smith et al. 2008 (Smith et al. , 2011 . Based on past work in Washington State estuaries (Gross et al. 2018) , we anticipated that nekton assemblages at edges would be intermediate between eelgrass and bare. Thus, we made no predictions in hypothesis (1) that specifically referred to edges but rather included them in tests across a gradient of structural complexity. On a taxon-specific basis, none reached highest density at edges. However, we documented a pattern that off-bottom species, which were generally strongly eelgrass associated, occurred at lower abundance at edges than would be expected from these seines surrounding half eelgrass and half bare areas (Fig. 3b ). Edges were not avoided relative to bare-that is, abundances were typically intermediate (Table 1 )-but the eelgrass there was used less by off-bottom taxa than interior eelgrass just a few meters farther into a patch. Compared to edge, interior eelgrass also encourages slower movement and more feeding by some off-bottom taxa (Gross et al. 2018) .
In addition to habitat responses, nekton in seagrass diverge at coarser (ca. 100 km) spatial scales, which has been attributed to local recruitment dynamics (Rotherham and West 2002) but could also reflect distinct estuarine conditions or structural complexity (Hori et al. 2009 ). We confirmed differences in multivariate community structure at this 100-km scale, while also identifying spatial correlation in summer-that is, greater distances among the five sites generated more distinct communities, including some taxa that were not observed at all sites (Table 1) . We were also able to substitute canopy height as a predictor and explain a portion of the site-level variation in nekton and their seasonal variability (Table 2) . Why might sites with shorter canopies have more variable nekton? First, other sites with taller canopies may not vary in a range that matters to nekton. Second, seasonal variation occurs in shoot density rather than canopy height at short-morphotype sites (Ruesink and Rowell 2012) , which may matter more than canopy height. Finally, nekton may consist of more seasonally variable taxa at short-canopy vs. tall-canopy sites, for instance, 84% of all individuals caught at the most seasonally variable site (SPS) were summer-dominant shiner perch or spring-dominant grass shrimp, whereas these taxa constituted no more than 65% at other sites. Seagrass can vary independently in biomass, height, density and structural complexity, and these factors can differ as drivers by location or taxon (Hovel et al. 2002; Hori et al. 2009 ). It is also worth keeping in mind that nekton may distribute according to seagrass morphotypes among sites in a different manner than within sites (Bell and Westoby 1986a, b) .
Seasonality in the across-habitat distribution of nekton has many possible underlying reasons, which range from autecological reproductive timing or migration (Ribeiro et al. 2012) to synecological responses to resource availability or top-down control (Horinouchi 2007) . Some aspects of our observational study fortuitously allowed us to distinguish potential mechanisms that might otherwise have been confounded. First, at the regional scale, eelgrass morphotype was not spatially correlated, so we could separately distinguish contributions of canopy height and geographic proximity to site-level variation in nekton. A drawback was that these predictors were not included in a common analysis to determine how much of total site-level variation they could explain. Second, predation intensity gave quite distinct predictions about nekton distributions relative to the bottom-up driver of eelgrass amount. Due to the homogeneity of predation intensity across habitats (Fig. 4) , resources related to structural complexity provided a more logical explanation for habitat differences in community structure. Also, top-down effects potentially reducing nekton abundance were more prevalent in summer than spring (Fig. 4) , at the same time as bottom-up effects would be expected to increase nekton abundances, this latter being the case for many taxa in our study. A drawback was that we measured predation intensity over short periods and with baits that may not mimic live predator-prey interactions.
Rather than eelgrass reducing predation, our results match about a quarter of the studies reviewed by Horinouchi (2007) in which predation was unaffected or increased in seagrass. In tropical deployments, squid baits were more rapidly removed in structured habitats of reef and seagrass than in unvegetated sand (Duffy et al. 2015) . However, as predation generally increases in seagrass at lower latitudes (Reynolds et al. 2018) , our results stimulate the question of whether the seagrass vs. bare comparison of predation risks could vary latitudinally. Because these baits have no predator-avoidance behavior, their removal is likely to be a function of predator density, rather than any habitat-mediated encounter rate (per capita effect of predators). However, living organisms may find more predator protection in eelgrass through escape responses using structure to hide. We suspect that baits were eaten by cancrid crabs and sculpins, based on their diets (Stevens et al. 1982; McPeek et al. 2015; Duffy et al. 2015) , generalist habitat use coinciding with homogeneous bait removal across habitats (Figs. 3, 4) , and images captured on remote video (pers. obs., B. Dumbauld, pers. comm.) . In any case, we have more evidence that predation intensity is linked reciprocally to seasonal variation in nekton assemblages than to across-habitat distributions of nekton.
Spatio-temporal variability in relation to functional types
Substantial insight into drivers of community structure can emerge from a functional lens (Elliot et al. 2007 ). The striking correlation that we observed between seasonality and habitat association across taxa offers a logical proximate explanation for spatio-temporal variability in nekton assemblages (Figs. 2, 3) . Each estuarine use functional type had representatives spanning the continuum of observed seasonality (Fig. 3) . In some locations, seagrass is used as nursery habitat by taxa occupying estuaries for a portion of their life cycle (Heck et al. 2003; McDevitt-Irwin et al. 2016) , whereas other locations have estuarine residents as seagrass-associated taxa (Heck et al. 1989; Franco et al. 2006) . So, while estuarine use functional type has been helpful to explain habitat associations in particular cases, it is worth keeping in mind that the functional traits of taxa using seagrass differ widely geographically (Whitfield 2017) . In contrast, in Washington State estuaries, vertical position helped distinguish taxa across a continuum of habitat association. Eelgrass-associated taxa have two body shapes that suit them to eelgrass use: shiner perch and sticklebacks swim well off the bottom among eelgrass leaves, and pipefish (and gunnels, despite benthic position) have elongate body forms that are cryptic in eelgrass and/or allow movement through small spaces. Those that also peak in summer tend to feed on invertebrates that densely populate eelgrass leaves (Barry et al. 1996; Hughes 1985; Ryer and Orth 1987; Spilseth and Simensted 2011) , thus supporting a bottom-up response to resources or habitat availability. The exception, hippolytid (grass) shrimp, was the taxon most likely to be influenced by top-down effects in summer due to their small size and susceptibility to intraguild predation. Predation can strongly influence the diversity and abundance of crustacean communities using seagrass (Boada et al. 2018) .
Many of the taxa at the other end of the continuum are benthic with coloration mimicking sand and mud, which is often the case for taxa that show no augmentation in seagrass (Horinouchi 2007) . These include bay shrimp, gobies, flatfish, crabs, and sculpins. The lack of habitat association for crabs in our study needs to be placed in context of substantial past work focused on Dungeness crab habitat. This taxon has a long pelagic larval period, and new recruits appear disproportionately in structured habitats (Fernandez et al. 1993) . However, by the time the crabs have grown for a year, structure becomes an impediment to long-distance movement onto tidal flats for foraging (Holsman et al. 2006) . The crabs in our seines were mostly in this latter ontogenetic stage, yet showed no avoidance of eelgrass habitat, possibly because most of our sampling was in small eelgrass patches. While generalist habitat use and reduced seasonality appeared to align (Fig. 3) , the seasonal span of sampling means that this association should be viewed cautiously. Indeed, our spring-summer sampling was insufficient to reveal seasonal changes in flatfish, which probably recruit in late winter given their average total length of 3 cm in spring but 6.5 cm in summer (Gross et al. 2019 ) and in bay shrimp, which typically peak in winter (Hosack et al. 2006) .
Juvenile salmonids constitute a group of several species of anadromous fishes, sampled as juveniles as they migrate through estuaries from fresh to saltwater. Due to commercial importance and protected status of many populations, strong interest exists in any nursery habitat role of eelgrass for juvenile salmonids (Plummer et al. 2013) . Their body plan and vertical position would tend to suggest eelgrass association. However, even after combining salmonid species, the capture data provide a weak test of habitat association due to the extremely patchy distribution of these fish. 573 pink salmon (Oncorhynchus gorbuscha) were captured in one seine in bare habitat at NHC, and 113 chum salmon (Oncorhynchus keta) were captured in one seine in bare habitat at CE, collectively constituting 94% of all juvenile salmonids recorded. Statistically, the null hypothesis that juvenile salmonids appear equally across vegetated and unvegetated low intertidal habitats could not be rejected. For some salmonid populations, feeding or protection in eelgrass may be advantageous (Semmens 2008; Kennedy et al. 2018) , and for others little habitat association is evident (Dumbauld et al. 2015) . In our results, juvenile salmonids moving through estuaries in spring did so prior to the summer rise in predation intensity, which gives their seasonality a potential adaptive benefit.
Much of what we report from this two-season comparison of nekton recapitulates the model developed by Livingston (1984) following temporally intensive sampling of grass beds in the Gulf of Mexico, in which fishes generally increase with the growth of vegetation, causing small invertebrates to decline in summer. To this seasonal comparison, we added two spatial dimensions: distinct habitats within sites and similar habitats across oceanographic basins. In this regard, our study design was similar to that of Franco et al. (2006) , as well as methodologically in the use of small beach seines that effectively sample both structured and unstructured habitats. As in the case of Venice Lagoon (Franco et al. 2006) , despite coarse-scale geographic variation in nekton, habitat-specificity emerged for many taxa. Within-site replication in our study, plus sites distributed geographically at distances typically resulting in distinct nekton assemblages (Whitfield 2017) , undoubtedly contributed to the relatively strong site effects: second behind season and generally more important than habitat for community structure. Our study provides novel insight into the seasonal role of eelgrass as structured habitat, particularly given morphotype as a predictor of multivariate response, and identifies nekton functional types that respond seasonally through either bottom-up or top-down mechanisms. An on-going challenge exists to build a robust link between the functional representation in communities and seasonal dynamics within a habitat mosaic.
Funding This work was funded in part by a Grant from Washington Sea Grant, University of Washington, pursuant to National Oceanic and Atmospheric Administration Award no. NA14OAR4170078. Additional funding came from Washington State Department of Natural Resources . The views expressed herein are those of the authors and do not necessarily reflect the views of NOAA or any of its sub-agencies, or the views of Washington State Department of Natural Resources.
Compliance with ethical standards
Conflict of interest All authors declare that they have no conflict of interest.
Ethical statement Sampling was carried out under Federal (SRP 20047) and state permits , in accordance with animal care protocols at the University of Washington (IACUC 3363-02). 
Data availability
